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During the fiscal year 2004, the Nuclear Science Research Institute research reactors carried
out 7 cycles of joint use reactor operation at JRR-3 and 41 cycles at JRR-4.
The research reactors are being utilized for various purposes including experimental studies
such- as neutron scattering, prompt gamma analysis, neutron radiography and medical
irradiation (BNCT), and irradiation utilization such as neutron activation analysis of various
samples, RI production, Irradiation Test of Reactor Materials and fission track, advanced
Science Research.
This volume contains 235 activity reports, which are categorized into the fields of neutron
scattering (10 subcategories), neutron radiography, neutron activation analysis, RI Production,
prompt gamma analysis, and others, submitted by the users in JAEA and from other

organizations.

Keywords: JRR-3, JRR-4, Research Reactor, Neutron Scattering, Neutron Radiography,

Neutron Activation Analysis, Neutron Beam, Irradiation
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1) Cold neutron inelastic scattering study for Co-121 and related cobaltites

Tsuyoshi Kajitani, Yunzuru Miyazaki, Yasuhiro Ono, Ken-ichi Hamano, Shingo Inayama and
Yuh-ki Hasegawa
Department of Applied Physics, Graduate School of Engineering, Tohoku University
6-6-05 Aoba, Aoba-ku , Sendai 980-8579
FAX:+81-22-795-7969, e-mail: kajitani @mail.tains.tohoku.ac.jp

ABSTRACT Cold neutron , =4.22_, inelastic
scattering experiment was carried out for the
thermoelectric oxides Co-121 Jd.e.
[Ca;C005]0.62[C004], and related cobalt oxides by the
use of a TOF-type muiticounter cold neutron
spectrometer, AGNES, in JAERIL Polycrystalline
samples were used for the experiment at 12K, 90K
and room temperature. Low energy inelastic
intensities, being _E < 3meV, are observed in the Co-
121 in which _E=1.74£0.2meV peak is observed at
room temperature. This peak becomes broad at 90K
and 12K, being stronger at 12K. Since the
paramagnetic to ferromagnetic phase transition at
27K  was previously found with decreasing
temperature by the _SR measurement by Sugiyama et
al.[1],above low energy excitation could be discussed
in terms of the spin ordering of Co*" ions or-localized
motion of displaced oxygen atoms

1. INTRODUCTION

Strongly correlated 3d° or 3d°® electrons
of Co™ and Co®" ions, respectively, situated
in the triangular Cdl>-type CoO; layers has
attracted much attentions because of the
semiconducting and some times
superconducting behaviors below 4.2K[2].
High Seebeck coefficient and low electrical
resistivity are reported for Na,CoO, with
x=0.7 and CO-IZI, ie. [Ca2COO3]o_52C002
and identified as Ca349, being typical
thermoelectric  oxide  semiconductors.
Sugiyama et al.[l1] proposed three phase
transition temperatures at about 27K, 100K
and 600K or above which correspond,
respectively, to the long-range-spin ordered
phase(LRO) to the short-range ordered
one(SRO), SRO to the metallic
paramagnetic phase(PM) and PM to the
semiconducting paramagnetic(PM) phase
with increasing temperature.

For better understanding of the high
thermoelectric performance of the Co-121
and related cobaltites, it has been needed to
elucidate temperature dependent behaviors

of magnons and phonons of these crystal
systems in the low temperature range below
and over 27K by the neutron inelastic
scattering measurement.

2. RESULTS

Fig.1 shows cold neutron scattering intensity,
S(), of (Cu,Co)-221, Co-121 and Co304 at
room temperature. The horizontal axis
corresponds to the energy transfer values of
the incidence. The negative side of the
spectra corresponds to the kinetic energy
loss side, i.e. the Stokes side. The central
peaks are the elastic scattering components.
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Figure 1 represents observed cold neutron scattering
intensities of (Cu,Co)-221, Co-121 and Co,0,.
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2) Report on hydrogen content in hydrogen absorbing materials using neutron
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In the cource of developing new method
for hydrogen content measurement, we have
studied here hydrogen content in thin films
of hydrogen absorber, using neutron reflec-
tometry as test experiments.

We have prepared Pd, LaNiygAly;, and
Ti3oCrs0Vao as hydrogen absober, the latter
two of which are supplied by T.Ebisawa in
Nihon Seikoujo Co.Litd.

The reflectometry samples are fabricated
with vacuum evaporation system at Research
Reactor Institute Kyoto University. Each
material was stacked over Si wafer with Imm-
thickness and 75mm-diameter. The thick-
ness of the materials was 40nm for Pd, 250nm
for LaNigpAlg1, and 250nm for TizpCrsoVao.

The measurements were performed using
neutron refletometer at C3-1-2-1 (MINE)
beam port of JRR-3M reactor in Japan
Atomic Energy Research Agency. The ar-
rangement for the measurements is shown in
Fig.1. Since neutron transsibity is very high,
neutron reflectivity can be measured in hy-
drogen environment as shown in the figure.

Neutron reflectivity measurements were
performed for various hydrogen pressure for
each samples. Typical reflectivity result is
shown in Fig.2. Here hydrogen pressure is
0.02MPa and the fact that the interference
fringes in the reflectivity curve disappear,
implies that scattering length density of Pd
containing hydrogen becomes very close to
that of Si near the Si substrate. The esti-
mated profile of the scattering length den-
sity is shown in Fig.3 as black line and H/Pd
ratio as gray line.

Interesting thing in the result is that hy-
drogen content is higher near the substrate,
not near the surface, where at a first glance
Pd can contain more hydrogen because vol-
ume expansion is not so prohibited.

In the same way, hydrogen content in Pd
film was estimated for various hydrogen pres-
sure. H/Pd ratio increases as the hydrogen
pressure and the tendency that H/Pd ratio
is higher near Si surface is the same for all

pressure.

For other samples made of hydrogen ab-
sorbing alloys, clear hydrogen absorption was
not observed. This might be due to the alloy
content change during the evaporation pro-
cess.

In the next steps, we will perform neu-
tron interferometry experiments with multi-
layer spin splitter using Pd as a gap layer, in
order to develop hydrogen content measure-
ment with higher precision.

Hydrogen container

Detector

Sample holder

Fig. 1. The arrangement for the neutron reflectivity
measurements.

= "H/Pd=0.2 stom Calculsted RefelctivityD=412A"

Fig. 2. Neutron reflectivity of Pd film in 0.02MPa
hydrogen pressure. Interference fringes disappeared.

Scattering density (A"}

-~100 [ 100 200 300 400 500
Depth (A}

Fig. 3. Neutron scattering length density and H/Pd
ratio evaluated from the neutron reflectivity.
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3) Temperature Dependence of the Nuclear Density Distribution of the Hydrogen
Atom in the Hydrogen-Bond Region in h-BrHPLN
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The isolated hydrogen-bonded material, 5-
bromo-9-hydroxyphenalenon(C;3H,0,Br, h-
BrHPLN), is a paraelectric material down
to 4 K. According to a dielectric measure-
ment, the permittivity of h-BrHPLN in-
creases monotonically without showing any
anomalies as the temperature decreases.
This behavior is reminiscent of a quantum
paraglectric character and thought to be orig-
inated in the nature of the hydrogen atom
in the hydrogen-bond region. In this study,
we carried out neutron structure analyses on
h-BrHPLN at several temperature point be-
tween 300 K to 10 K in order to elucidate the
nature of the hydrogen atom in the hydrogen-
bond region.

The experiments were performed with the
four circle neutron diffractometer FONDER
installed at T2-2 beam port at JRR-3M in

JAERI(Tokai). . The data collections were .

carried out at 300 K, 150 K, 100 K, 70 K,
50 K, 30 K and 10 K.

Least-square fitting analyses and Maxi-
mum Entropy Method analyses were applied
to the collected data to refine the structural
parameters and to calculate the nuclear den-
sity distribution, respectively. The obtained
nuclear density distributions at several tem-
peratures are shown in Fig. 1. As a re-
sult, the hydrogen atom in the hydrogen-
bond region was found to be disordered occu-
pying two equivalent sites around the center
of the hydrogen-bond in whole temperature
region. The point is that we can see the clear
splitting of the nuclear density distribution

even at 10 K. According to the calorimetric
measurement{1] and the neutron incoherent
inelastic scattering[2], the residual entropy
about the hydrogen atom in the hydrogen-
bond is zero at 10 K and the hydrogen atom
is in a two energy state. Together with these
results, it can be concluded that the nuclear
density distribution of the hydrogen atom at
10 K means a tunneling state of the hydro-
gen atom. This is thought to be the origin
of the quantum paraelectric character of h-
BrHPLN.

150K A
*T e it/\t
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100K :
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o]
10K

-~
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Fig. 1. The nuclear distribution around the
hydrogen-bond at each temperature. The right fig-
ures show the one-dimensional distribution of the nu-
clear density distribution along the hydrogen-bond.
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Neutron powder diffraction study on rattling of Pr in heavy fermion superconductor PrOs,Sb;,
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Recently, PrOssSbi» was reported to be the 0.06 : :
first Pr-based heavy fermion superconductor with @, PrOs,Sby,
Tsc=1.85K.1) The non-magnetic I'; singlet ground 2 004 o U, Q)
state and the existence of field-induced antiferro- e X Vs ¢¢ --------
quadrupolar order phase suggest the important role 002 OQQ T
of quadruploar interaction in forming the Cooper OQ'&' AKX K ba
pairs.2:3) A recent theoretical study also suggests the 931 - '
importance of ‘rattling’ of Pr, the large localized inco- ~ 930k ® 9
herent thermal vibration under a shallow potential in <
an over-sized Sh cage.%® Tn order to reveal the ther- s 929 00 ° _
mal displacement of Pr, neutron powder diffraction L o0 ©° PrOs,Sbry
experiments were carried out on HRPD for PrOsySb;o 9.28 L 0.160
down to 7.7K. 0346} (c) 3 Ysb
The Rietveld analysis using RIETAN-20009) with * . ¢ f
the structure with Im3 where Pr locates at the cen- & 0suip * e ¢ *e ~0.155 &'
ter of the Sb cage well reproduces the observed pow- &0 0090 8
der diffraction patterns with the typical reliable fac- © . PrOs,Sby|
tor Ryp=6.82, Rp=3.19 and S =1.56 for 7.7 K. The 0 100 200 300
representative results are summarized in Table 1. In T (K)

this analysis, the large thermal displacement parame-
ter was obtained for Pr of Up; =0.0344A2 at 295.1K,
roughly corresponding to mean thermal displacement
of 0.18 A. This value is 5 times larger than those
of other constituents, Ups and Usy,. With decreas-
ing temperature, the thermal displacement parame-
ters show gradual decrease as shown in Fig. 1(a). How-
ever, Up; remains large Up, =0.0062 A? even at 7.7K
which is twice as large as those of Os and Sh.

No structural transition was accompanied with this
change of Upy; no additional peak was found to appear
down to 7.7K. The lattice constant a exhibits grad-
ual decrease with decreasing temperature whereas the
positional parameters ygp, 2sp are almost constant, as
shown in Fig. 1(b) and (c). Namely, the size of the Sb
cage does not show significant change exceeding the
thermal variation of the lattice.

The large value of Up, and its strong temperature
dependence indicate the rattling of Pr in PrOssSbi,
under the shallow potential in the Sb cage. The

Figure 1: Temperature of dependence of (a) mean square dis-
placement U; for Pr, Os and Sb, (b) lattice constant o and (c)
fractional coordinates y, z of Sb of PrOs4Sb;a.

nearest-neighbor distance for Pr, Pr-Sb, of more
than 3.47A in PrOs,Shiz which is longer than the
usual Pr-Sb bond distance and those in P- and As-
skutterudites leads to the weak binding of Pr in the
cage. The large displacement of Pr at low tempera-
ture might be related to the low temperature property
in PI‘OS4Sb12.
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Table 1: Structural parameters, a, ¥, 2 and mean square displacement for Pr Up, of PrOssSbi2 determined from the Rietveld
analysis of neutron powder diffraction data at selected temperatures. Pr atoms are located at 2a (0, 0, 0), Os at 8¢ (;11-, %, %) and

Sb at 249 (0, y, z), where y, 2 is a positional parameter. Ruwp, S, and Ry are conventional reliability factors®).

T ( K) a (A) Y z Upr (AZ) TPr-Sb (A) Rw-p S RB

7.7 9.2831(1) 0.3408(1) 0.1569(1)  0.0062(9)  3.482(2) 6.82 156 3.19

101.1  9.2864(1) 0.3405(1) 0.1548(2) 0.0216(13)  3.474(0) 827 1.34 4.19

151.1  9.2896(1) 0.3407(2) 0.1557(2) 0.0344(18)  3.481(2)  8.99 1.82 541
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5) Structural Phase Transition of New Oxide Ion Conductor, Ba;In; ,Ga,Os
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High temperature phase of BaIn;Os
attracts interest as an oxide ion conductor
since it shows higher conductivity than that
of yttria stabilized zirconia at temperatures
above 900 °C. It has been reported that the
crystal structure at temperatures above 900
°C 1is ideal perovskite with randomly
distributed oxide ion vacancies, to which
high oxide ion conductivity can be ascribed
[1], although definite  experimental
evidence has not been reported. Recently,
we have discovered another phase transition
at 1070 °C. Also discovered has been that
the phase above 1070 °C is the most
promising as an oxide ion conductor. We
have also succeeded in decreasing the phase
transition temperature by partial Ga
substitution for In site {2]. Since we
regarded that the precise analysis of crystal
structure of newly discovered high
temperature phase of BayInyOs system
should be necessary for elucidation of the
origin of high oxide ion conductivity and
design of new oxide ion conductor, neutron
diffraction analysis was performed by using
HERMES, TI1-3, JRR-3M in JAERI
(TOKAI) equipped with a furnace
originally designed by Yashima [3] with
1.8207 A of incident neutron beam. The
crystal structure was refined by Rietveld
analysis of diffraction patterns using a
program RIETAN-2000 [4].

Fig. I shows Rietveld analysis pattern of
neutron diffraction data of BayIn, 55Gag.450s
measured at 1000 °C, at which the phase
with the most promising as an oxide ion
conductor is observed. The pattern could be

successfully analyzed assuming the ideal

- perovskite-type structure with space group

of Pm3m (No. 221). As indicated by site
occupancy of oxide ion in Table 1, there
exists random distribution of oxide ion
vacancy in high temperature phase of
Ba,In; 55Gag 4505, which can be an origin of
high oxide ion conductivity. Diffraction
pattern of Ba;In;Os at 1200 °C can also be
refined assuming the same space group
with random distribution of oxide ion

vacancy.
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Figure 1: Rietveld analysis pattern of neutron
diffraction data of BayIn, 5sGag 4505 at 1000 °C.

Table 1: Structural parameters of Ba,In; ssGag 4505 at
1000 °C. space group: Pm3m , a=4.2427(6) A

Atom site g x y oz UAY
Ba’ 1b 1.000 05 0.5 0.5 0.038(1)
1n3+ ta 0775 0.0 0.0 0.0 0.053(2)
G2’ 1a 0225 00 0.0 0.0 0.053Q2)

O* 3d 0833 05 00 00 0.082(2)
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6) The Determination of Deuteron Site in SrZro.s55¢0.0503-, by Neutron Powder Diffraction
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Introduction

Acceptor-doped perovskite oxides often show sig-
nificant proton conductivity in humid atmospheres at
high temperature D. The proton sites in these sam-
ples were estimated from neutron diffraction and
electronic structure calculation 29. However, the
proton sites are still unclear. In the present study,
we try to determine the deuteron sites in
SrZros5Sc0.0503-,-D20 by neutron diffraction. These
.samples were studied by a combined technique in-
cluding a Rietveld refinement and a maximum-
entropy method (MEM)-based pattern fitting of neu-
tron powder diffraction data 45.

Experimental

The samples were prepared by solid state reaction
of SrCOs (nominally 99.99 % pure, Ba < 7.4 .ppm,
Rare Metallic, Japan), ZrO: (nominally 99.99 % pure,
Hf < 100 ppm, Aldrich) and Scz0s (nominally 99.99 %
pure, Rare Metallic, Japan) powders. These raw ma-
terials were mixed and press into pellets, and then
the pellets calcined at 1673 K for 24 h in O2. The
obtained materials were ground and press into pel-
lets again. The pellets were finally sintered at 1673
K for 24 h in O:z. The deuteron concentration was
determined with a thermobalance. Powdered sam-
ples of 10 g were loaded in the thermobalance and
heated at 1273 K in dry O2 flow before the measure-
ment to remove absorbed water. Then oxygen satu-
rated with water vapor (12.8 kPa) was fed into the
thermobalance at 673 K. The deuteron concentration
was calculated assuming that the change in the
sample mass was solely due to the reaction (1) V.

H,0+V; ¢ 2H +0} )

The neutron powder diffraction experiments of
SrZrossSco0503.- D20 and SrZroesSco.os03., were car-
ried out in the JRR-3 (JAERI) reactor at 10 K. The
wavelength of the incident neutrons was 182.3 pm.

Results and discussion

Rietveld analysis was performed to refine the crys-
tal structure. The crystal structure of these samples
was successfully refined assuming perovskite-type
structure with the space group Pnma at 10 K (Fig. 1).
The unit cell volume of SrZro.955¢0.0503-,-D20 is lager
than that of SrZro95S¢o.0503-,. The MEM calculations
were performed using the computer program PRIMA,

with 108x156x108 pixels for orthorhombic structures.

To reduce the bias imposed by the simple structural

*'E-mail: h042801d@mboz.nagova-u.acio

model, an iterative procedure named by REMEDY
cycle was used after the MEM analysis until no sig-
nificant improvement was obtained. The calculated
profiles agree well with the observed ones. Figure 2
shows the equicontour surface of the nuclear density
distribution obtained after REMEDY cycle and pro-
vides information on sites of deuteron. The nuclear
density is high compared with background in some
interstitial sites between two adjacent oxygen atoms.
At present we propose this site as a tentative site of
the deuteron in SrZro.esSco.0503-,-D20.
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Figure 1: Rietveld refinement of SrZro.955¢0.0s0s-.D20 at 10 K.
Observed data® dots; calculated orofile: full line.

Figure 2: Equicontour surface of scattering amplitude in ortho-
rhombic SrZr958¢0.0505«" D20 at 10 K.
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7) Temperature Dependence of Lattice Parameters and Anisotropic Thermal Expansion of
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The bismuth sesquioxide BiO; has
polymorphisms of a-, B -, Y- and d-phases
depending on temperature and processing.
The electrical conductivity of Bi;Os is
increased 3 orders of magnitude by the
a-to-d transition at 729°C. To investigate
the electrical property-structure correlation,
it is important to know the crystal structure
of the BixO; as functions of temperature.
From the temperature dependence of lattice
parameters, anisotropic thermal expansion
coefficients are obtained, that are important
for the design of electrochemical devices.
However, little works have been done on
the temperature dependence of lattice
parameters of Bi,Os. The lattice parameters
around the transition point (729°C) have not
been known yet. The lattice parameters in
the literature are not precise. In this work
[1], we report the lattice parameters of
Bi;0; as functions of temperature using
high-temperature neutron powder
diffraction data and the Rietveld method.

Commercial bismuth-oxide powders
(99.99% purity) were calcined at 400°C for
12 hours to remove the carbonates and then
pressed into pellets under the uniaxial
pressure of 150 MPa. Neutron powder
diffraction experiments were carried out in
air with a 150-detector system, HERMES
installed at the JRR-3M reactor in Japan
Atomic Energy Research Institute. The
wavelength of neutron beam was 0.18207
nm. Diffraction data were collected in the
28 range from 20° to 125° in the step
interval of 0.1° from 26° to 778°C. A
furnace with MoSi, heaters [2] was placed

on the sample table, and used for
neutron-diffraction measurements at high
temperatures. The temperature was kept
constant within +1.5°C during each data
collection. Lattice and profile parameters
were refined by the Rietveld method using
a computer program RIETAN-2000.

Between 26° and 187 °C, the
neutron-diffraction data were successfully
analyzed assuming the coexistence of
monoclinic P2i/¢c o-Bi;0; and a small
amount of orthorhombic Bi,(CO3)O;. The
Bi(CO;)0O, disappeared between 187° and
350°C. The data obtained at 350° and
511°C were successfully analyzed by a
single phase of 0-Bi;O3;. Almost all the
peaks at 702° and 721°C were indexed by
the a-Bi,0O3, however the error bars of
lattice parameters at 721°C were large due
to worse fit. The fit was not improved even
assuming either B-, y-, or 6-BiOs. The
Rietveld analysis did not reproduce well the
intensity for some peaks probably due to
either some rearrangement of atomic
positions, unknown phase or preferred
orientation. The diffraction patterns
obtained at 740° and 760°C indicated a
single phase of 8-Bi;Os; [1,3]. Thus, the
0-Bi;O; transforms into 6-form betw